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Abstract
Following the broad overview of knowledge-intensive entrepreneurship (KIE), or new firm creation in industries considered to be science-based or to use research and development (R&D) intensively, presented in our previous working paper (Woodward et al., 2012) , this working paper presents an analysis of two Sectoral Innovation Systems (Malerba, 2002) in the Polish context, presenting case studies of two industries (software and machine tool manufacturing), based on statistical data, interviews with industry experts, and firm-level case studies. We review three sets of opportunities facing firms in these industries: market, technological, and institutional opportunities. Both of these industries appear to be more innovative, and produce more patents, than Polish industry as a whole; their effectiveness in obtaining public assistance is also above average. The software industry is a young and dynamically growing one everywhere, and Poland is no exception. Companies in the industry tend to be young and very small. In Poland, they are very focused on the domestic market and play the role of "knowledge customizers" rather than "knowledge creators"; in an international comparison, even with other post-communist countries in East Central Europe, the Polish software industry appears to have a low R&D intensity. Companies in the machine tool industry are rather larger and somewhat older, and the industry is stable rather than growing in terms of turnover (and declining in terms of employment). Perhaps surprisingly, they are also more innovative and somewhat more export-oriented. However, an international comparison reveals firms in both of these Polish industries to be less innovative than their counterparts in other European countries.
Introduction
In our previous working paper (Woodward et al., 2012) , we presented a broad overview of knowledge-intensive entrepreneurship (KIE), or new firm creation in industries considered to be science-based or to use research and development (R&D) intensively, in the Polish context. This working paper moves to the industry and firm levels of analysis. We present case studies of KIE in two industries (software and machine tool manufacturing), based on statistical data and interviews with industry experts and firm representatives, in order to build up at least a partial description of two Sectoral Innovation Systems (Malerba, 2002) , As in Woodward et al. (2012) , we compare the Polish case with those of Sweden, Denmark, the UK, and Germany among the old EU member countries (which we will refer to hereinafter 
Methods and data sources
For statistical purposes, the two industries -software and machine tools -we focus on in this report are defined as those corresponding to NACE rev 1.1 classifications 72 (computer and related activities) and 29.4 (manufacture of machine tools), respectively.
Looking very broadly at the industrial landscape of the countries concerned, we note, first, that like their Danish counterparts, Polish exporters specialize in relatively low-tech industries, with furniture being one of the country's main exports. Poland's exports are quite diversified in terms of their technology intensity. The country's most important export is furniture, generally regarded as low-tech, but its other important exports range from the natural resource intensive (coal) to medium-and high-tech manufactures such as cars, household appliances, and LCDs (US Department of State, 2011). 1 So software and machine tools can be considered to lie within the mainstream of Polish industry in terms of technology intensity. Turning to the related question of the role of the high-tech sector in the economy, Eurostat data show the similarity of Poland and Latvia (with a very small role of the sector) and of Germany and the Czech Republic (where the sector plays a much more significant role). Germany and the Czech Republic have similar shares of high-tech products in exports -about three times higher than in Poland (the distinction is less pronounced in terms of the share of employment in knowledge-intensive sectors in total employment). The UK is unique in this group of countries in being so specialized in services and the financial sector.
The information presented here regarding the two industries in Poland is based on both statistical data and interviews conducted with industry experts and firm representatives in the spring and summer of 2010. given what we know about the structure of the industry in Poland, microenterprises were vastly underrepresented, with only four such firms among those studied; there were also four small firms (with between 10 and 49 employees), three medium-sized firms (with between 50 and 249 employees), and one large firm. For the machine tool companies, the number of employees ranged from 8 to 220; the group of companies includes one microenterprise, four small firms, and four medium-sized companies.
The statistical data used here come from the Central Statistical Office of Poland (CSO) and
Eurostat. The Central Statistical Office provided us with data based on the Community Innovation Survey for the two industries.
Computer and related activities
Structure of the industry
The IT industry In Poland is almost completely a post-transition phenomenon (as are most of the technologies involved). The industry is characterized by a very high rate of churning (that is, high rates of entry and exit of new firms). There are only a handful of large, publicly traded firms in the industry, and these have grown to a large extent by mergers and acquisitions, according to the experts interviewed. As Table 1 shows, this has led to a situation in which the average employment in Polish software firms is very low (three persons). The table also shows that Sweden, with a population of a little over 9 million, has almost the same number of firms in this industry as Poland, with a population of 38 million. Denmark has a much smaller number of firms, but the Danish firms tend to be much larger than the Swedish and Polish firms (the overwhelming majority of the latter are microenterprises, whereas the average Danish firm has gone from being a small to a medium-sized enterprise in the 2000s). Based on information in the UK country report, the structure of the British software industry is closer to that of Poland and Sweden than to Denmark's; as of 2007, the UK had 129,555 firms in the industry, with 5.5 employees on the average. Based on the Czech country report, the number of firms in the industry increased from 22,604 in 2002 to 24,348 in 2008; these are numbers similar to Poland's, in spite of a much smaller population, suggesting a similarity to Sweden. In the same period, employment rose from 33,218 to 71,794 (and thus average employment per firm rose from 1.5 to 2.9) -a much higher rate of growth than Poland's. Table 9 also indicates that whereas growth has been constant throughout the analyzed period in Poland, the Scandinavian firms experienced a decline in employment in the early 2000s.
The oldest firms in the industry often started in the early 1990s as distributors of foreignmade PCs and gradually acquired "links" in the value chain, first by moving into the assembly of computers, later creating software, and gradually progressing to the point where they are now producers of specialized programming, computer graphics, internet applications, etc. As the industry has developed, it has become more diversified and its firms increasingly specialized.
According to the experts interviewed, firms tend to be started by people with master's degrees (not doctoral degrees), and these are not necessarily in information sciences. In fact, many entrepreneurs in the industry have no university degree at all.
The interviewed experts agreed that barriers to entry in the industry are low. Bank financing is considered a rarity in the industry, but it is fairly easy to find examples of angel and VC finance. It is important to remember, however, that start-up costs for software firms are generally very low, so a scarcity of external finance is not a significant barrier to entry.
Experts also believe that the availability of skilled labor is generally not a problem.
Entrepreneurial opportunities
Responses to the questionnaire allow us to classify the strategic stances of the respondents'
companies. Eight of them describe a product differentiation strategy, three a cost-leader strategy, and one a strategy focused on new markets and segments. The product development strategy of the companies is particularly relevant to the concerns of this project and often represents an intersection of the market and technological opportunities with which we will be concerned in the remainder of this report. Nine of the cases can be described as having dominantly demand-driven product development. Only one characterized itself as having dominantly production-(engineer-) driven product development. In two cases, the roles of demand and production appear to be balanced in product development. The factors most frequently cited as significantly contributing to product development were (previous) knowledge of customer needs and requests from customers; market research was also cited in two cases.
Market opportunities
As described by the experts we interviewed, the Polish software industry is focused on the domestic market, with export mostly limited to a very small number of large firms (though these firms have also started building foreign networks of subsidiaries, including acquired ones). As such, software firms are mostly "knowledge customizers," adapting IT solutions invented elsewhere in the world to the needs of Polish customers, rather than "knowledge creators." Many specialize in producing customized software solutions for clients from a particular industry (e.g., banking), using platforms developed by large multinationals such as Microsoft, Oracle or SAP (see Woodward et al., 2010 Woodward et al., , 2011 foreign-owned and export-oriented.
Statistics on turnover in the industry can also be compared to give a picture of market opportunities / demand (Table 2) . In all these countries we see the same pattern of growth of Among the firms interviewed, only one is an exporter (interestingly, and atypically, it is a small company); all the others focus exclusively on local and national markets. The firms tend to specialize in serving customers from a particular industry (or a small number of industries). The cases included one firm active in the agricultural sector, one in the banking sector, three firms focusing primarily on the municipal sector, two other firms focusing on other public sector customers, one in telecommunications, one specialized in the production of web applications and customers in the IT sector (served by providing programs for programmers), two firms in business software, and one firm (the only exporter) specialized in speech synthesis.
We look at growth in terms of both employment and turnover to gauge the development of market opportunities. Only one company reports decline in both categories, whereas 10 companies reported growth in both categories. For the remaining company turnover was growing, while employment had initially risen and then later declined. So it is clear that almost all of the firms we studied were facing the expanding market opportunities we identified earlier on the basis of national statistics.
Technological opportunities
Given the role, mentioned above, of Polish software producers as knowledge customizers rather than knowledge creators, there is a limited role for technological opportunities (at least in a global sense), which are relevant only for a handful of firms that are creating world-class innovations. Product innovation is almost always evolutionary and incremental; firms have few products, and most new development consists of upgrades. According to the experts we interviewed, Polish universities produce some world-class programmers, but firms seem to show little interest in them (or talk of cases where teams from universities went to firms but were unable to generate commercially successful innovations). On the university side, academics are not interested in problems which are of use for the industry, as software firms are more interested in customizing ERP software than inventing new algorithms; industryuniversity cooperation is more noticeable with polytechnic institutes in the area of hardware.
This is reflected in the low R&D intensity of the Polish industry compared with other
European benchmarks, as shown in Table 3 (demonstrating the low share of R&D staff in employment in the Polish industry) and Table 4 (showing the low share of R&D spending in value added). The low R&D intensity of the Polish software industry is also demonstrated by Table 5, where we compare IT industry turnover as a percentage of GDP with R&D in the industry as a percentage of GDP. We obtain a measure of R&D intensity by calculating the ratio of R&D spending to turnover in the industry (data in the Czech report were reported in Czech crowns rather than euros and therefore could not be used for the purposes of this comparison). This shows the R&D intensity of the Polish industry to be very low in comparison with its Scandinavian counterparts.
Insofar as they reflect process innovation, data on productivity are also a measure of technological opportunities. Although productivity (Table 6) is roughly similar in all three west
European countries (at more than three times the Polish level), for Poland, the Czech Republic and the Scandinavian countries (we don't have multi-annual data for the UK) we see a similar pattern of increasing productivity; we also note that the productivity increase in the Czech Republic and Sweden has been much more dramatic than in Poland. It is worth noting that the dearth of technological opportunities on the Polish market can be related to the poor demand conditions in the country, discussed in Woodward et al. (2012) . (Table 7) with those discussed for Polish manufacturing in Woodward et al. (2012) , we see that firms in this industry are much more innovative than in Polish manufacturing, especially in the medium-sized category; for large firms, the IT percentage is 67.4 versus 60.7 for manufacturing, for medium-sized firms, 53.7 versus 32.7, and for small firms, 27.3 versus 14.6. We also observe in Table A1 in the appendix that software firms file patents somewhat more often than Polish firms in general.
Collaboration for innovation is a subject we discussed in Woodward et al. (2012) . What patterns are observed in the Polish software industry, and how do they affect its development? The experts interviewed said that subcontracting and consortia are the dominant (and frequent) forms of cooperation, and that cooperation of small firms is often organized in the form of consortia, but noted that these are not for product development, but rather for winning and executing contracts. There is very little cooperation with institutions in the S&T sector (the Gdańsk University of Technology is a rare example of a university connected to an IT cluster). One institution of higher learning that an expert we interviewed referred to as using its resources well is the Polish-Japanese Institute of Information Technology in Warsaw, which he said participates in innovative projects. Woodward et al., 2012) . Competitors and other firms are now ahead of firms in the same group, and even consultants get one more mention than firms in the same group (in all cases there are significant proportions of foreign partners, though their share among customers is much lower than in suppliers and firms in the same group, and for consultants and competitors and other firms is lower still, lying roughly between 10 and 15 percent). This largely conforms to the developments in the larger sample, where the significance of firms in the same group also fell sharply. Universities have pulled ahead sharply as partners, and are mentioned more frequently than consultants. The advance of universities as partners was also observed in the larger sample, which reflects two developments of the second half of the 2000s: the increasing sophistication and research intensity of firms in the industry and incentives in EU-financed projects.
Turning to the firms in which we conducted interviews, we find that their founders are very well educated. Two of them have people with PhDs in their founding teams, and only one of the firms has a founder with only secondary education; the founders of all the others have higher education (at the master's level). Moreover, the workforce is also very well educated.
The percentage of employees with master's or PhD level qualifications ranges from 13% to 100%, and the non-weighted average in this group of companies is 74%.
None of the software companies we studied has any patents. However, the importance of R&D is illustrated by the fact that four of the firms have a formal R&D unit, and four others stated in the interviews that they felt the entire firm was an R&D unit.
With regard to networking and partnering for innovation efforts, for nine of the software companies we studied, the most important external sources of knowledge used in the innovation process were their customers. Suppliers were found to be more important than customers in one case, and were the second most important partner -after customers -in one case. Consortium partners were named in one case, and commercial labs or R&D firms in one case. Competitors were named among the most important external knowledge sources in six cases. In all cases, these are partners that the companies' respondents ascribed at least a medium level of importance in answering a question on sources of knowledge for the innovation process.
However, inconsistent information seems to be yielded in answers to the question on where the significance of the contributions of external partners to the companies' activities lies. In answering this question, most respondents indicated that partners were important primarily for other reasons than their involvement in the product development process (e.g., finding new customers). Only three out of the 12 respondents assigned external partners a significant role in the product development process in answering this question.
Based on the information reported above on product development strategy, we can say that technological opportunities (technology push factors) are not the primary drivers for product development for at least nine of the companies, where market pull plays a more important role.
Institutional opportunities (and barriers)
There is insufficient comparable information in the reports for the Western European countries to make international comparisons of institutional opportunities for the software industry. For purposes of this report, we will therefore consider the institutional opportunities at the industry level to be identical to those at the national level.
What do national institutions contribute in the way of opportunities for the Polish software industry?
First, one might ask to what extent government is harming the industry (e.g., with its regulatory and tax burdens). There are some mixed opinions among the experts we consulted on this point. One felt that the industry's development (especially with regard to large firms) has been determined less by innovation than by competition for lucrative public sector contracts and related lobbying, though he also admitted that EU accession has helped by making the environment more competitive, and noted that large firms have appeared more recently that are more innovative. However, there seems to be a consensus that the regulatory burden in Poland is not a particularly important problem for this industry; indeed, one expert noted that some regulations (e.g. regarding security) stimulate the development of the industry. With regard to public procurements, one expert complained that the only criterion applied is price, which is not a pro-developmental policy. Another expert noted that by contrast in the private sector, big firms will hire big suppliers even if they are more expensive because they have a proven track record and are therefore seen as less risky.
Another problem in dealing with the public sector noted by one expert is the fact that closed code remains the property of the supplier, and as a result public sector customers are often condemned to continue a relationship that has been established with a supplier even if performance is unsatisfactory. Another expert said that Polish practices and regulations in the area of public procurements have a neutral effect on innovation, neither hampering it nor stimulating it, since in any contract the specifications will be precise, the problems to be solved or systems to be delivered are rather standard from the technological point of view, and the supplier cannot change them.
Turning our attention to the programs and instruments that the public authorities use to stimulate economic development, we note that business incubators, which have played an important role in the business support policy repertoire of the Polish authorities in the last two decades (see Woodward, 2001) , are not felt by the experts interviewed to be crucial to the development of the industry, but that technology parks often have several IT firms. Table A10 in the appendix shows us that software firms received public financial assistance for innovation much more often than Polish firms in general in the comparable size category, and the gap between this industry and the larger sample is due to a much higher level of funding from the European Union. As for the larger sample, funding from Polish sources is marginal.
A number of institutional opportunities appear, on the basis of our company interviews, to be particularly relevant for the software industry. One such opportunity is related to the important role of local governments and municipal public service providers (as well as other public sector service providers) as a market for software products; as mentioned above, these markets are the foci of five of the 12 firms studied.
Another institutional opportunity that is relevant to this industry is represented by the publicity provided by awards for product innovations that a number of the firms have received.
We are also concerned with barriers to the development of companies. It is important to note that the most significant barriers to development mentioned by the firms were more often market-related (e.g., limited domestic demand or competition from large companies, including MNCs) than institutional. Six companies mentioned competition from large firms / MNCs, and eight mentioned limited demand.
The most frequently named institutional problem (mentioned by six firms as one of the most significant developmental barriers they faced) was the difficulty in obtaining access to external finance (a seventh firm mentioned it as a secondary barrier). In this context it is worth drawing attention to the opportunities that have been available to a few of these firms to overcome this barrier. One of the firms studied has obtained angel capital, one is publicly listed (on the Warsaw Stock Exchange), and one has been supported by EU research projects (the Framework Programmes). (However, in relation to the latter, another respondent said his company was frustrated by the failure of an application for EU funds, added that he sees the process as overly bureaucratic, and complained about the information available to potential applicants.)
Difficulties with the Polish educational system seem to be implied by the fact that ten companies mentioned difficulties in finding skilled labor as a barrier (albeit most often one of secondary importance), even though, as noted in Section 3.1, industry experts do not believe availability of skilled labor to be a problem in this industry. Problems with networking for innovation purposes in the country are also reflected in the comments of two companies on the difficulty in finding partners with sufficient technical skills to be of use in product development.
Another set of barriers is technological (e.g., technological risk due to the rapidity of technological change in the industry); two firms named such technological factors as among the most important barriers they faced.
A separate question concerned the most important barriers firms had faced at the time of start-up. Three firms mentioned high taxes; three mentioned the lack of clarity of regulation (including tax regulation); two mentioned bureaucracy (e.g., difficulties in obtaining permits and licenses), and one mentioned burdensome labor regulation. Two firms mentioned corruption and "old-boy networks" that prevented new firms from winning contracts. One firm mentioned lack of respect for intellectual property by the competition; one mentioned the failure of competition law to curb monopolistic practices as well as bankruptcy legislation that makes the cost of failure too great (and thereby increases the level of risk in starting up a company).
Machine tools
In Poland -unlike the Czech Republic, where the machine tool industry has a long traditionthere are no associations representing machine tool producers, who tend to belong rather to associations of the industries they produce for. It was therefore difficult to find industry experts to interview.
Structure of the industry
As just noted, the Polish machine tool industry, although representing a separate NACE classification, is not an industry in anything other than a statistical sense. Whereas in many other countries, such as the Czech Republic, the industry is well-organized (with strong industry associations), and those who work in the industry feel themselves to be linked with other firms in the same industry, in Poland there is no such consciousness, and people in this industry identify rather with the industries of the customers they serve (and belong to their industry associations). The machine tool industry in Poland consists of roughly 1000
firms that are serving a very diverse range of downstream industries. In the nine case studies, these included such customer industries as agricultural machines, furniture, municipal transport, and mining.
In this industry, as we see in Table 8 , in terms of numbers SMEs are dominant (as opposed to microenterprises in the software industry); the biggest producers in the industry are subsidiaries of MNCs (e.g. in the auto industry). Accordingly, the number of firms is smaller, and although the overall trend for the number of firms for the six-year period represented in the table is rising, there are two years in which it fell, unlike the unbroken rise we see for software in Table 1 .
The interviewed experts noted that, in contrast to the software industry, barriers to entry in terms of high physical capital requirements are significant in this industry. 
Entrepreneurial opportunities
With regard to the strategic stances of the companies interviewed, as in the case of the software companies, the product differentiation strategy is dominant, indicated by five companies; two describe a cost-leader strategy, one a mix of cost and differentiation strategies, and one a strategy focused on new markets and segments. The product development strategies can be described as follows: Four of the firms have dominantly production-(engineer-) driven product development; two have dominantly demand-driven product development, and in three, the roles of demand and production appear to be balanced. The factors most frequently cited as significantly contributing to product development were (previous) knowledge of customer needs, requests from customers, and market research (the latter was cited much more frequently than in the case of the software firms).
Market opportunities
The market opportunities facing Polish machine tool manufacturers are specific to the industries the firms deliver to, and the experts we interviewed did not care to make any generalizations on the subject.
As noted in the previous section, an international comparison of data on trends in employment and firm numbers in the industry reveals a quite mixed pattern of growth and decline. Probably the most that can be said is that the demand situation facing the Polish industry seems to be relatively stable in recent years, and most closely resembles that of Sweden's industry, whereas the clearest decline seems to be occurring in the UK. Such an assessment is supported by the data in Table 9 , which shows the sharp decline (and only partial recovery) of turnover in the British industry in the period 2000-2007, as opposed to the strong growth in turnover for the industry in the other three countries (including Poland). This is a more internationalized industry than software. Only three of the firms we interviewed focus exclusively on local and national markets; one has 85% of its revenues from exports, and the others depend on exports for between 2% and 20% of their revenues.
Probably to an even greater degree than the software companies, the machine tool companies specialize in a particular product or customers from a particular industry. Our cases included one firm serving the agricultural sector, two serving the furniture industry, one serving the municipal transport industry, one serving the mining industry, one specialized in the production of boilers, and one focusing on machines for the production of screws, and two others producing various other machine tools.
As in the case of the software companies, we use employment and turnover figures to obtain a picture of the evolution of market opportunities. And again just as in the case of software, only one company reports decline in both categories. Six companies report growth in both categories. For one company turnover is growing, while employment initially rose, and then declined. The final company reported growing turnover, but did not report data on employment changes. And so once again we see an overall picture of expanding market opportunities.
Technological opportunities
Not surprisingly, given what we know about R&D spending as a percentage of GDP in
Poland generally, the share of R&D spending in value added in the machine tool industry is very low in Poland compared to the three benchmark countries (Table 10) . Among the latter, the UK seems to lag far behind the two Scandinavian countries. We see the same pattern with respect to the share of R&D personnel in total employment in the industry (Table 11 ).
Comparing with tables 3-5, although the measures used are not exactly identical, R&D intensity appears to be higher in this industry than in software for the Scandinavian countries and for Poland; however, the gap in Poland is much, much larger. We are unable to explain this. We find an interesting contrast to this picture in Table 12 , which shows the number of patent applications to the European Patent Office per million inhabitants for the four countries. Here the British machine tool industry seems to be in a leading position. However, Poland's position in a distant last place remains unchanged. The fact that Polish machine tool firms file patents somewhat more often than Polish firms in general (see Table A1 in the appendix) reflects all the more tellingly on Poland's performance as a producer of patent applications. If we add to this picture the figures on innovativeness in Table A11 in the appendix, it becomes clear that in spite of spending much less on R&D than comparable firms in an international comparison, Polish machine tool producers are introducing innovations more frequently than Polish software firms. It would seem, moreover, that these innovations are successful, by and large, since employment in the industry is quite stable. How is this possible? It is not possible to speculate about this on the basis of the statistical data we have presented here. We can only assume that the country's stock of engineering skill is sufficiently developed to allow the industry to survive (without shrinking appreciably), introducing such innovations as competition makes necessary for such survival. It would also appear that networking contributes to the innovation capacity in the industry. Table A3 in the appendix shows that Polish machine tool producers enter into contractual relations for innovation-related collaboration more often than the general sample of comparably sized Polish firms. If we review the data on collaboration in Tables A4.1-A9 Tables A4.1 -A5 (where we note that the sample of respondents from the machine tool industry is very small), we can see that, as for the larger sample of medium-sized and large firms, the type of partner indicated most frequently was suppliers, with customers in second place and companies in the same group in third (all of which corresponds to the situation for the larger sample). The only other partner mentioned more than twice is institutions of higher education, again like the situation in the larger sample, where this category is in fourth place. The degree of internationalization revealed in the proportion of foreign partners is quite high, as in the larger sample. Our case studies indicate that machine tool producers are much more frequently exporters than software producers, which is probably the explanation for the higher degree of internationalization of the innovation process in the case of the machine tool producers. Turning to the question of productivity, we see in Table 13 the dramatic growth in labor productivity (gross value added per employee) for all three countries except the UK, where it has remained largely unchanged over the period. (For Poland, most of the productivity gain came in 2002-2005, when employment fell sharply, as shown in Table 8 .)
We note, moreover, that the tremendous productivity increase in Poland still leaves Polish productivity in this industry far below that of the three Western countries. In this industry, as in software, we have a fairly well-educated group of entrepreneurs in the sample of companies we interviewed. One company's founding team includes a person with a PhD. The founders of three of the companies have only secondary education; all others have higher education (at the master's level). The workforce, however, is much closer to the Polish average. In the companies we interviewed, the percentage of employees with master's or PhD level qualifications ranges from 0% to 70%, and the non-weighted average is 16%.
Patents or utility models have been filed by four of the companies studied. One company reported having both patents and utility models currently; one reported having utility models currently. One reported having had patents in the past, and one reported having had utility models in the past. However, formalized R&D units are a rarity, with only one of the companies having one.
Turning to the question of partnering for innovation and product development, we note that seven of the nine firms named their customers as their most important sources of knowledge for product development. Suppliers were named alongside customers as the most important external knowledge sources by two firms, were considered more important than customers in one, and were named as the second most important external knowledge source -after customers -in two cases. Five firms listed competitors among the most important external knowledge sources, and R&D institutes were among the most important external sources for two firms. In assessing the significance of the contributions of such external partners to the knowledge development process, six of the nine respondents said their partners played a significant role in product development process.
Institutional opportunities
None of the country reports has much to say on the subject of institutional opportunities for this industry. This is probably related to the strong discouragement by the European Commission (in its competition policy) of any industrial policies that are not of a horizontal or regional character. For purposes of this report, we will therefore consider the institutional opportunities at the industry level to be identical to those at the national level (for more information on the subject for our firm-level Polish case studies, see Woodward et al., 2012) .
According to the Polish experts interviewed, technology parks and business incubators are irrelevant for this industry, although some presence of machine tool producers in industrial parks can be observed. The irrelevance of industry clusters for this "industry" results from what we said about it at the beginning: firms in this "industry" have nothing to offer each other, and would gain nothing from physical proximity to each other. If physical proximity to anyone is important, it is proximity to their customers, who, as we have noted, are found in extremely diverse industries. So if we were to find them in any Marshallian districts, it would be the districts of their customers' industries, and not of NACE 29.4.
One industry expert said that cooperation is difficult because entrepreneurs are individualists and experiences with cooperation have been negative in the past. Cooperation with research institutes is not promising, because the incentive system in those institutes is based on publications rather than patents or any other industry-or commerce-related metrics.
Universities are also not the best partners, as training is not well matched with the needs of industry; moreover, engineering and related subjects are not popular among students. Table A10 in the appendix shows us that machine tool firms received public financial assistance for innovation more often than Polish firms in general, though in stark contrast to the larger sample, the central government is a much bigger source of this funding than the European Union.
Two types of institutional opportunities that distinguish the machine tool companies we interviewed from those in the software industry we interviewed are university cooperation (mentioned by two machine tool companies) and the EU Structural Funds (from which two of the companies have also benefited).
Turning our attention to developmental barriers faced by this group of companies, we look first at market barriers. Six companies mentioned limited demand (in contrast to the case of software, some linked this to the global downturn, reflecting the higher level of internationalization of the Polish machine tool industry than of the Polish software industry).
Three companies mentioned the level of competition in the industry, especially from MNCs.
Institutional barriers seem to be more significant for the firms from this industry than for software firms. Six of them mentioned difficulties in access to external finance. Six mentioned difficulties in finding skilled employees, which seems to be a much more significant barrier for this industry than for software. Again, networking difficulties were indicated by two references to difficulties in finding partners with sufficient skills for technological (product development) cooperation. One firm mentioned burdensome safety regulations as a barrier.
Technology risk was mentioned by two firms; interestingly, one firm indicated the importance of this factor as an incentive for constant innovation.
Asked about barriers experienced when the firms were started up, four respondents mentioned the ambiguity of regulation (in one case regarding labor law, in two others regarding tax law); one of them mentioned the fact that frequent changes in regulations made it necessary to use the services of an accounting firm very frequently. Three companies mentioned the excessive tax burden, although one added that in hindsight this had not impeded the development of the firm. One mentioned the high costs of labor, one mentioned bureaucracy (the time that had to be spent on obtaining permits and licenses), and one mentioned the lack of effective anti-trust regulation as a minor barrier.
Conclusions
How can we sum up the state of KIE in these two industries from the perspective of the various classes of opportunities with which we have been concerned in this discussion (market, technological and institutional opportunities), in the context of Polish KIE as a whole? As we noted in Woodward et al. (2012) , all of these sets of opportunities are rather poor in Poland, judging by an international comparison. How do these two industries differ from the picture painted there?
Although, as noted in Section 2, the two industries studied here can be considered to lie within the mainstream of Polish industry in terms of technology intensity, we have seen that both of these industries perform above the average in terms of patents and the introduction of innovations. This would seem to indicate the presence of greater technological and market opportunities in these industries than for the Polish economy as a whole. Moreover, for both industries, the share of R&D spending in turnover is larger than Poland's share of GERD in GDP (in the case of software, well over twice as large), and the share of R&D personnel in employment is also much larger than is the case for the Polish economy as a whole. We have also seen that firms in both industries engage in innovation-related cooperation more frequently than the general population of Polish firms, and that partnering with higher education institutions for innovation purposes has risen significantly in both industries in recent years. All of this indicates that technological opportunities in these two industries are superior to those present in the economy as a whole.
Turning our attention to market opportunities, we unfortunately have less statistical basis for making comparisons between these two industries and the Polish economy as a whole.
Certainly it is clear that the market for software has expanded extremely dynamically in the past two decades, and we have seen evidence of increasing customer sophistication. In the case of machine tools, the situation is relatively stable, with employment slightly declining over the five-year period for which data are presented in Table 8 .
Finally, with regard to institutional opportunities, we have no evidence about any differences between the regulatory burden facing firms in these two industries and that facing Polish firms in other industries. However, with respect to support from the public sector, we are able to make some observations. As we have seen, cluster formation is irrelevant in the case of machine tools; however, we do observe the emergence of some IT industry clusters in Poland in recent years. Firms in both industries have been more effective in obtaining assistance from the public sector than the general population of firms. However, we observe an interesting difference between the two industries; namely, in the software industry, the source of this funding is predominantly the European Commission, whereas in the case of the machine tools industry, it is national sources.
All of this suggests that these two industries may be among those that are driving the reversal of the long-term trend of declining R&D intensity in industry that we are beginning to see in Poland (see Woodward et al., 2012) . However, we have also observed that the Polish machine tool industry is more innovative and R&D intensive than the software industry. This seems to be consistent with the observation of Górzyński et al. (2006) that in Poland industries described as ICT-using are experiencing more rapid productivity growth than those classified as ICT-producing.
How do these two Polish industries stand up in an international comparison?
The IT industry is growing dynamically in all the countries examined. Most of the growing number of firms in Poland and Sweden (most of which are micro-enterprises) serve the domestic market, though the Swedish industry seems to be much more advanced than the Polish one in outsourcing some of its activities. By contrast, the UK industry is largely foreignowned and export-oriented. However, the large market opportunities in the Polish industry do not translate into large technological opportunities, as we see that Poland's IT industry is much less R&D intensive (in terms of the share of R&D spending in turnover) than its Scandinavian counterparts.
The machine tool industry suffered a decline in all four countries in the early 2000s but has since seen very strong growth in Poland, Denmark, and Sweden, while it has seen only a partial recovery in the UK (which began the decade as the strongest among the four countries, having since been overtaken by the Swedish industry).
With respect to technological opportunities, we observe that R&D and patent activity in the Polish machine tool industry lags behind that in the UK and far behind that in the two 
